Abstract. High entropy alloys emerge as a new type of advanced metallic materials, which have received increasing attentions from material engineers around the world. In addition to high entropy effect based on equiatomic or near-equiatomic and containing five or more principal elements, they exhibit a cocktail effect resulting from interactions among all the elements and the indirect effects of the various elements on the performances. In this study, according to high entropy alloy design principles, corrosion-resistant elements such as Al, Ni, Cr and Mo were used to improve the anticorrosion property, Fe, Co, B and Si as solid solution elements were added to promote the formation of solid solutions with simple structure, and the wear-resisting property increased.
Introduction
A novel metallic alloy design approach was proposed, so-called high entropy alloy, to make a new group of materials with excellent performances. It has been reported that high entropy alloy contains more than five elements and the concentration of each element ranges from 5% to 35%. Compared with traditional alloys, the high mixing entropy could reduce the free energy of alloy systems, which promotes the tendency of simple crystal structure such as BCC and FCC, even nanostructures or amorphous phases due to slow atomic diffusion, high nucleation rate and low growth rates, rather than intermetallic compounds or other complicated phases [1] [2] [3] [4] [5] . With the unique microstructure and many strengthening mechanisms, high entropy alloys possess many promising properties such as high harness, large work hardening capacity, superior resistance to temper softening, wear, corrosion and oxidation, etc [6] [7] [8] [9] [10] [11] [12] . However, how to design appropriate alloy compositions with required properties theoretically remains hanging in doubt. Up to date, most of the existing high entropy alloy systems are developed by trial and error method. Generally, the emphases focus on the investigation on the microstructure and properties by changing kinds or proportions of some element, heat treatment or preparation processing. The adhesive wear behavior of Al x CoCrCuFeNi alloys were investigated, with increasing aluminum contents, the volume fraction of BCC phase increase, whereas the wear coefficient decreases, meanwhile, the wear mechanism changes from delamination wear to oxidation wear [13] . Based on this alloy system, the Cu element was replaced by Mo, then the effect of iron content on hardness and wear behavior was carried out [14] . Since every atom was solute atom as well as solvent atom, high entropy alloy can be viewed as an atomic scale composite. O.N.Senkov, et al selected more high melting point elements, and produced two refractory high entropy alloys with equiatomic ratio, Nb 25 [15] . Along this idea, from the given performance point of view, many alloys with special properties can be designed by using correlated elements. Especially, we may design the alloys with corrosion resisting elements to exploit the merits of each element, to generate a cocktail effect in addition to the virtue of solid solution structure and minor alloying strengthening effect.
In this study, Al, Ni, Cr and Mo elements which are prone to form compaction oxide films on the surface were exploited, and Fe, Co, B and Si elements were added to favor the solid solution phase formation, in addition to the distortion of lattice, the strength and hardness were enhanced. The microstructure and anticorrosion and wear-resistance properties are investigated. It is hoped that high entropy alloy with anticorrosion and wear-resistance properties for industrial applications will be obtained.
Experimental methods
The high entropy alloy ingots were prepared by the vacuum arc induction melting. The purity of the raw element metals is above 99.9%. Table 1 listed the nominal composition (wt.%) in weight percentage. Approximately 120g raw materials were solidified in a water-cooled copper mold under a Ti-gettered ultrahigh purity argon atmosphere to prevent oxidation after purging with argon three times. The ingots were melted repeatedly five times to improve the chemical homogeneity. The phase structure of as-cast samples was characterized by X-ray diffraction(XRD). The metallograph samples were examined with high resolution scanning electron microscope(HRSEM) (FEI Nova Nano SEM 450/650) equipped with an Oxford energy dispersive X-ray spectrometer (EDS) for surface topography and elemental compositions. Potentiodynamic polarization measurements were implemented with a typical three-electrode cell makeup of the specimen as a working electrode, the reference electrode was a saturated calomel electrode(SCE) and the auxiliary electrode was made of pure platinum. The specimen was cathodically polarized at a potential of -0.4V SCE for 300s before the test for the purpose of removing surface oxides. The quasi-steady-state time for an open circuit was 1200s. Scan speed was 1mV/s for scan potential ranging from -0.6 to 1.2 V SCE . The measurements were conducted in a 3.5% NaCl solution at ambient temperature(25 o C) under atmospheric conditions. The wear resistance was measured with a ball-on-disk reciprocate type CETR-3 multifunction wear tester under the load of 20N without any lubrication at ambient temperature, the Young's modulus 24.5GPa Si 3 N4 ceramic balls (Φ4 mm) were used as the friction pair. And the friction time was 20min under the frequency of 5Hz, the carriage retracing distance was 10 mm. Fig. 1 shows the XRD patterns of five to eight elements high entropy alloys. Diffraction peaks corresponding to BCC and FCC simple solid solution structures were identified. The volume fraction of BCC phases were larger than those of FCC phases, but their relative height might be affected by the preferred orientations of the dendrite phases in alloy samples. Although XRD has the detection minor phases, such as precipitates or inclusions of intermetallic compounds, undoubtedly, almost all alloyed elements were incorporated in the simple solid solution phases. Fig . 2 shows the SEM backscattered electron images of the alloys. Typical cast dendritic and interdendrite microstructures (defined as DR and ID in the figures, respectively) with different size and morphology are observed in the alloys. The matrix is composed of primary dendrite phase, droplet-shaped eutectic structure and interdendrite phase. With the element numbers increasing, the solidification mode of the alloys has a transition from hypoeutectic to hypereutectic, and nanostructure precipitation (defined as NP) appears gradually, when the number reach to eight elements, many nanostructure particle clusters can be found in the matrix, as shown in Fig. 2 (d) .
Results and discussion

Fig. 2 SEM backscattered electron images of 5 to 8 elements alloys, (a)-5, (b)-6, (c)-7, (d)-8
The chemical compositions of the alloys analyzed by EDS are summarized in Table 1 . Al element is checked out both in DR and ID because of having a larger mixing enthalpy with the other element atoms. While in the contrast, Mo often segregates to the interdendrite region. However, the dendrites of large volume fractions are basically composed of multicomponent elements and thus have similar concentration to the total concentration. The electrochemical corrosion properties of the as-cast specimens when immersed in a 3.5% NaCl solution were evaluated using a potentiodynamic polarization method. The polarization curves for the various alloy specimens are shown in Fig. 3 , together with that of 316L stainless steel for comparison purposes. The data about corrosion potential(E corr )and corrosion current density(I corr ) was obtained by the method of expolate intersection between cathode Tafel profile and corrosion potential, shown as Table 2 . The corrosion potentials for as-cast alloys vary from -185.89 to -380.984 V SCE , and 316L have higher corrosion potential. However, 316L stainless steel appears a broad passivation area, compared to the other high entropy alloy specimens. Furthermore, as the composition numbers from 5 to 8, the corrosion potentials of these alloys exhibited a falling tendency. Whereas the corrosion current density was increscent, the result may be due to the galvanic corrosion caused by Al-rich dendrite phases and Al-depleted(Mo-rich) interdendrite phases which set up an active/noble cell of electric potential difference, which accelerated the corrosive rate of as-cast high entropy alloys. The wear properties of the conditional alloys has been investigated widely. One of the most common forms of the coefficient of friction curves in the wear test is characterized by an initial rise up to a peak value, followed by gradual decline to a steady state. The wear coefficient is often used as a parameter to evaluate the wear resistance of materials. Smaller wear coefficient means higher wear resistance since it requires more energy to remove the same volume. Fig. 4 shows the coefficient change of as-cast high entropy alloys under dry friction.
The 8-elements high entropy alloy with the smallest friction coefficient may be due to the addition of B, which have changed the wear mechanism resulting from increasing of lattice atomic packing density and efficiency and the nanostructure particles clusters. The other three as-cast alloys possess a 
Conclusions
A series of alloys from quinary to octonary selected from Al, Fe, Ni, Cr, Co, Mo, Si and B in sequence were prepared. Diffraction peaks corresponding to BCC and FCC simple solid solution structures were identified. The volume fraction of BCC phases were larger than those of FCC phases. The matrix is composed of primary dendrite phase, droplet-shaped eutectic structure and interdendrite phase. With the element numbers increasing, the solidification mode of the alloys has a transition from hypoeutectic to hypereutectic. The corrosion potentials for as-cast alloys vary from -185.89 to -380.984 V SCE , and 316L have higher corrosion potential. 316L stainless steel appears a broad passivation area, compared to the other high entropy alloy specimens. The octonary high entropy alloy with the smallest friction coefficient may be due to the addition of B.
